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The relationship between the osmotic concentration of leaf sap and 
height of leaf insertion in trees 


J. ARTHUR Harris, Ross AIKEN GORTNER, AND JOHN V. LAWRENCE 
(WITH FOUR DIAGRAMS) 


I. INTRODUCTION 


The ascent of sap in trees presents a problem of such com- 
plexity that no one kind of observation is sufficient for its solution. 
Final conclusions must be based upon the comparison and correla- 
tion of careful measurements of all possible variables. 

The réle to be attributed to the osmotic concentration of the 
fluids of the leaf cells, like other possible factors in the rise of 
the transpiration stream, is still subject to marked differences 
of opinion. 

One of the simplest and most direct methods of approaching 
the problem of the relationship between the concentration of the 
leaf sap and the movement of the transpiration stream is to deter- 
mine whether leaves originating at a greater distance from the 
source of water absorption exhibit a higher osmotic concentration 
than those inserted nearer the source of intake. The importance 
of such determinations has been recognized by Ewart, Dixon and 
Atkins, Hannig and others. 

Ewart was one of the first, if not the first, to attempt the deter- 
mination of the osmotic concentration of the leaf sap at different 
levels. In 1905 he* thought he had demonstrated by plasmolytic 
methods that the concentration of the leaf sap increases from 


(The BULLETIN for May (44: 229-266. pl. 9-16) was issued May 22, 1917.] 
* Ewart, A. J. The ascent of water in trees. Phil. Trans. Roy. Soc. Lond. B. 
198: 41-86. 1905. 
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lower to higher levels. Later* he returned to the same problem, 
only to conclude that the sources of error in the use of the plas- 
molytic method are so great that it was idle to go farther with the 
study on the basis of the technique then available. After men- 
tioning certain of the difficulties he says: 

“It is more correct therefore to use the term ‘plasmalyzing concentration’ for 
results obtained in this manner, and a series of observations for leaf cells of species 
of Acacia, Eucalyptus, and Orevillea taken from 1-12 meters high show that the 
concentration may vary from 2-6 per cent. KNQOs; in one and the same plant, and that 
the variation between leaves at the same level is at first as great as between leaves 
at different levels, and that the size of the cell and the age of the leaf appear to 
influence the plasmolytic concentration more than any other factors apart from food 
storage and assimilation. Hence this promising line of investigation into the 
problem of the ascent of sap must be abandoned as inaccurate and misleading.” 


The only exact published data of which we are aware are those 
furnished by Dixon and Atkins.f 

Dixon in his volume on the Ascent of Sapt republishes these 
data with the same interpretation. Working with untreated 
leaves§ of Magnolia acuminata, Fraxinus excelsior and Vitis Veitchti 
they secured seven pairs of determinations, from which they 
conclude: 

“It here appears that, on the whole, taking the experiments in pairs, the leaves 
at the lower level contained sap with a lower (sometimes considerably lower) osmotic 
pressure than that of higher leaves. But the experiments are far from satisfactorily 
bearing out this view; for it will be noted that the osmotic pressure of the sap from 
leaves at the same level, but at different times and under different conditions, by no 
means corresponds in each case, although it is often higher than that of leaves at a 
lower level. The reverse, however, is sometimes found, as in expt. 6 and 7 where 
the pressure in the lower is much greater than in the higher leaves.” 

Dixon and Atkins recognized the fact that a relationship 
between the concentration of the sap of leaves inserted at different 
distances from the root system might be due to an adjustment to 
resistance in the conducting system as well as to the hydrostatic 


* Ewart, A. J. Theascent of waterintrees,II. Phil. Trans. Roy. Soc. Lond. B. 
199: 341-392. 1906. 

Tt Dixon, H. H., & Atkins, W. R. G. On osmotic pressures in plants; and ona 
thermo-electric method of determining freezing points. Sci. Proc. Roy. Dublin 
Soc. N.S. 12: 275-311. 1910. Alsoin Notes, Bot. Sch. Trin. Coll. Dublin 2, 1910. 

t Dixon, H. H. Transpiration and the ascent of sap in plants. London, 1914. 

§ This work was carried out before the necessity for the preliminary freezing 


of tissues was discovered by Dixon and Atkins. Possibly some of the inconsistencies 
in their results are due to this fact. 
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head. They found a slightly greater depression of the freezing 
point for sap from the more distantly placed leaves. From deter- 
minations on Ulmus campestris they conclude, however, that the 
resistance of the water tracts is not the controlling factor but that 
variation in osmotic concentration is to be attributed principally 
to the fluctuations in the sugar content due to differences in 
illumination. 

As a final conclusion they state: 

‘Variation in pressure is not defined by the height of the leaves above the ground, 
nor by the resistance of the conducting tracts supplying the leaves. In each case 
the osmotic pressure was much greater than the tension of the water-supply could 
have been.” 

Thus the studies of Ewart leave the fundamental question of 
the existence of a differentiation in osmotic concentration asso- 
ciated with height quite unanswered, and the careful measurements 
by Dixon and Atkins are not adequately numerous for a final 
answer. 

Conclusions have been drawn quite contrary to those resulting 
from the masses of data to be presented below. Thus Hannig* 
in the introduction to his study of osmotic concentration in root 
and leaf concludes that the work of Ewart and of Dixon and Atkins 
shows that ‘‘die Differenzen in der osmotischen Werten der 
Blattzellen einer Baumes von der Héhe des Blattansatzes unab- 
hangig sind.”’ 

A proposal to investigate the concentration of the sap of 
leaves inserted at different levels is frequently met by the objec- 
tion that the leaves at various heights are really subject to distinct 
environmental conditions (insolation and air movements) and 
that these external factors will either obscure any relationship, 
or, on the other hand, if a relationship between height and con- 
centration be actually found, serve to fully explain it. 

To us it has seemed that the primary task, the execution of 
which should precede all others, is to determine whether as a 
matter of fact there is a relationship between the level of origin 
of leaves and the properties of their sap. If there is no such 


* Hannig, E. Untersuchungen iiber die Verteilung des osmotischen Driickes 
in der Pflanze in Hinsicht auf die Wasserleitung. Ber. Deutsch. Bot. Ges. 30: 194- 
204. 1912. 
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interdependence, it is idle to advance theories in explanation of 
it, as some botanists seem inclined to do. If, however, careful 
sets of determinations show that a consistent relationship between 
height at origin and the osmotic concentration of the leaf sap does 
obtain, then, and only then, will it be worth while to inquire 
whether this relationship is of the magnitude necessary to over- 
come the weight due to the hydrostatic head and the resistance 
due to the conducting tracts, to measure the various environ- 
mental factors with a view to correcting for their influence upon 
sap properties, and to consider what is the most suitable biological 
interpretation of the observed relationship. 


II. MATERIALS AND METHODS 


We took our samples* from trees growing both in the open and 
in the woods. In collecting the samples we tried to secure them 
from branches exposed, as nearly as possible, to comparable 
atmospheric conditions. Such trees are not easy to find, however, 
and until actual instrumentation for light intensity and for the 
evaporating power of the air is carried out we shall make no claims 
whatever for freedom from such influences. In a few cases, 
indeed, we included trees which for some reasons were desirable, 
but suffered from lack of uniformity of exposure to light and air. 
Thus the tree of Quercus. Prinus was higher than the surrounding 
vegetation, and the lower branches were somewhat more shaded 
than the upper ones. The leaves of Betula lutea collected July 23 
from branches 66 feet above the ground were certainly more 
intensely illuminated than those at 52, 39, 25 or 11 feet. 

In collecting samples of leaves, branches were lopped off at 
the respective heights and samples of the leaves were picked off 
as quickly as possible and enclosed in large test tubes which were 

*In undertaking these studies, we were concerned primarily with securing 
samples of leaves originating at different levels above the ground. We neglected, 
therefore, any measurement of the length of branch through which the sap would 
have to pass after leaving the trunk of the tree. Thus it is not possible to discuss 
in any exact way the possible influence of the resistance of conducting tracts on the 
magnitude of the concentration of the sap. Any errors due to this source may 
probably be disregarded in a preliminary study like the present. In a few cases 
we secured determinations from leaves originating on horizontal branches at dif- 
ferent distances from the main trunk, but almost without exception these materials 
are open to some objection, and we have excluded them. 
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taken to the laboratory for preliminary freezing* in order to 
facilitate the extraction of samples of sap really representative of 
the whole mass of tissue, as demonstrated by Dixon and Atkinst 
and confirmed by experiments made subsequently by ourselves.t 
The freezing-point lowering of the expressed sap, cleared by 
centrifuging at high speed,§ was determined by the use of a 
mercury thermometer graduated in hundredths of degrees in 
divisions sufficiently large to permit of estimation to thousandths 
of degrees. The freezing of the sap sample was effected by 
bubbling a dried air current through carbon bisulphide or ether 
in a Dewar bulb. 

The table of constants contains the depression of the freezing 
point in degrees centigrade, A, corrected for the influence of under- 
cooling, and the corresponding values of the osmotic pressure, P, 
from a published table. | 

Specific conductivity at 30° C., x, was determined in a Freas 
conductivity cell by means of the ordinary Wheatstone bridge 
of the physiological laboratory. The cell was standardized with 
N/1to KCI, considered as having a specific conductivity of 0.01412 
at 30°. 

Freezing point lowering, A, and specific conductivity, x, are 
the two directly determined constants. Osmotic concentration 
or osmotic pressure, P, has been determined from A, and included 
in the table, partly because it is easier for some botanists to think 
in terms of atmospheres than in those of freezing point lowering, 
and partly because this is necessary for the purpose of ascertaining 
whether the increase of osmotic concentration with increase of 
height of insertion is at the rate which would be expected if this 


* Gortner, R. A.,& Harris, J. Arthur. Notes on the technique of the deter- 
mination of the depression of the freezing point. Plant World 17: 49-53. 1914. 

+t Dixon, H. H., & Atkins, W.R.G. Osmotic pressures in plants. I. Methods 
of extracting sap from plant organs. Sci. Proc. Roy. Dublin Soc. N.S. 13: 422-433, 
1913. Also in Notes, Bot. Sch. Trin. Coll. Dublin 2: 154-163. 1I913. 

¢ Gortner, R. A., Lawrence, J. V., & Harris, J. Arthur. The extraction of sap 
from plant tissue by pressure. Biochem. Bull. §: 139-142. 1916. 

§ Some of the saps cannot be perfectly cleared by centrifuging. 

Harris, J. Arthur, & Gortner, R. A. Note on the calculation of the osmotic 
pressure of expressed vegetable saps from the depression of the freezing point, with 
a table for the values of P for A = 0.001° — 2.999°. Amer. Jour. Bot. 1: 75-78. 


A 


272 HARRIS, GORTNER, AND LAWRENCE: 


increase were an adjustment on the part of the cells to hydrostatic 
head and to increased resistance of conducting tracts. 

Freezing point lowering furnishes a measure of the concentra- 
tion in moles and ions of all the solutes, non-electrolytes and non- 
dissociated and dissociated electrolytes. Specific electrical con- 
ductivity furnishes a measure of the concentration of dissociated 
electrolytes only. 

It would be highly important to differentiate the electrolytic 
and the non-electrolytic elements in the solutes to which the whole 
of the concentration in moles and ions is due. Such differentiation 
presents, however, in the case of a mixed solution of non-electro- 
lytes and of electrolytes composed of inorganic salts and of weakly 
dissociable organic salts and acids, a problem of great difficulty. 
We have therefore contented ourselves with the calculation of the 
ratio «/A, which is useful although obviously only a substitute 
for more refined analysis. 

Before proceeding to the analysis of the results, a word should 
be said concerning the trustworthiness of the constants. 

There are two sources of error: the probable errors of random 
sampling in the collection of the leaves and the technical errors 
in the extraction of sap and in the determination of the constants. 
The determination of the actual magnitude of these errors presents 
a problem of considerable difficulty, and we are not in a position 
to say exactly how large they may be. It is quite clear from the 
consistency of our results that they are not so great as to obscure 
the general law, the existence or the non-existence of which we 
have been seeking to demonstrate. 

We do not, however, lay emphasis upon any single constant 
or difference, and we do not attempt to explain individual incon- 
sistencies. In the rather onerous task of collecting material for 
and carrying out the determination of 72 freezing points and 66 
conductivities, it is highly improbable that we should have been 
able to avoid entirely probable errors of random sampling in the 
collection of the tissues and errors of laboratory technique at least 
as great and sometimes greater than the actual differences of the 
kind which we have been seeking to demonstrate, if existent. 

Thus, even if osmotic concentration increases with height of 
insertion, one should expect to find a negative relationship indi- 
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cated by actual measurements occasionally, just as in other 
instances the increase indicated by the constants would be higher 
than the true value.* 


III. PRESENTATION AND ANALYSIS OF DATA 


Altogether 26 sets of determinations were made, covering 12 
species of trees. All collections were made in the immediate 
neighborhood of the Station for Experimental Evolution. The 
results are given in the accompanying tabular statement. 

Here are given the approximate actual heights above the 
ground of the samples of leaves taken, designated by letters A, B, 
C, --+ from the highest to the lowest, the depression of the freezing 
point, 4, and the osmotic concentration or pressure in atmos- 
pheres, P, specific electrical conductivities, x, multiplied by 10° 
and x/A X 10° of the expressed leaf sap. 

These results in terms of osmotic concentration, P, are repre- 
sented in DIAGRAMS I and 2, which are self-explanatory. 

A cursory examination of the protocol or a glance at the 
diagrams shows that almost without exception the osmotic con- 
centration is higher in samples taken at the higher levels. 

As a means of more exact comparison we have determined the 
difference in these values for every possible pair of levels, i. e., 
1/2n(n — 1) sets of differences for each tree, where n is the number 
of levels from which samples were taken. These differences are 
taken (constant for higher level) less (constant for lower level). 


* A particular case in point is that of two determinations based on a tree of 
Populus balsamifera. A first pair of collections made on August 25, indicated that 
the leaves taken from the 6-foot level contained sap which froze at 0.042° lower than 
that of leaves from the 25-foot level. A repetition of the collections on August 28 
indicated that the sap of the leaves from the 22-foot level froze 0.105° higher—i. e., 
had 1.26 atmospheres higher osmotic pressure—than those at the 6-foot level. 

Note that if these two determinations be averaged, they indicate a higher osmotic 
concentration tor the samples taken at the higher level. Since, however, the two 
are not consistent we have omitted both. Possibly this tree should not have been 
used at all since the collections from the lower branches were made from the ends of 
long branches at a considerable distance from the main trunk. Thus if the resistance 
of the conducting tracts be a factor of importance it would tend to minimize the 
difference between the two determinations. 

t.In two of the determinations based on Juglans and in twoor more of those 
based on Robinia, collections were made from the same trees in 1914 and IgI5. 
Otherwise all are based on different individuals. 
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Sample Height A P « X 105 
Acer rubrum L. JUNE 10, I915 
A 47 1.385 16.66 863 
B 27 1.359 16.35 gil 
12 1.334 16.05 938 
Acer rubrum L. AUGUST 25, 1915 
A 50 1.210 14.56 896 
B 38 1.131 13.61 938 
¢ 10 1.084 13.04 834 
Acer rubrum L. AUGUST 25, IQI15 
r¥ 43 1.046 12.59 852 
B 13 992 
Betula lenta L. AUGUST I, I915 
| 
29 1.518 18.25 | 1,056 
B 12 16.97 1,160 
Betula lenta L. AUGUST 23, 1915 
A 40 1.046 12.59 —— 
B 17 -933 11.23 
Betula lenta L. AUGUST 23, 1915 
46 1.182 14.22 
13 1.090 13.12 
Betula lutea Michx. JULY 23, 1914 
A 66 1.293 15.55 1,160 
B 52 1.331 16.01 1,027 
39 1.257 15.12 1,110 
D 25 1.173 I4.11 1,083 
a II | 1.050 | 12.63 | 990 
Fagus grandifolia Ehrh. AUGUST 20, I9I5 
A.. 64 1.824 21.92 —- 
B 19 1.441 | 17.33 | aa 
Fagus grandifolia Ehrh. AUGUST 25, I915 
1.493 | 17.95 7 
B. | 1.402 6.86 | 52 
Juglans cinerea L. JUNE 18, 1914 
eee 52 1.522 18.31 | 1,046 
44 1.525 18.33 I,114 
ae 38 1.429 17.18 1,218 
D. 32 1.513 18.19 1,174 
21 1.484 17.85 1,197 
8 1.398 16.81 1,332 


«/\ X 10° 


623 
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741 
830 


779 


815 
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772 
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687 
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a 777 
807 | 
954 | 
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Sample Height P « X 105 X 105 
Juglans cinerea L. JUNE 4, 1915 
ree 41 1.209 14.54 1,208 999 
B.. 30 13.68 1,232 1,084 
Juglans cinerea L. JUNE 8, 1915 
; 45 1.049 12.62 1,435 | 1,368 
B. 24 I.015 12.21 1,252 1,234 
Gleditschia triacanthos L. AUGUST 25, 1915 
A. 46 1.419 17.07 927 653 
1.285 15-46 __938 730 
Platanus orientalis L. AuGust 28, 1915 
A 66 1.353 16.27 1,458 1,078 
B.. 45 1.267 15.24 1,627 1,284 
21 1.127 | 13.56 1,588 1,409 
Quercus coccinea Wang. JUNE 30, 1914 * 
A. 56 | 1.592 19.14 981 | 617 
B. 33. || 16.63 848 613 
Quercus palustris L. JUNE 16, 1914 
oe 33 1.932 23.22 903 467 
-.. 23 1.728 20.77 1,002 580 
9 | 20.21 1,057 629 
Quercus Prinus L. JUNE 16, 1914 
Yo 47 1.683 20.23 1,123 667 
B 36 1.670 20.08 1,283 768 
Cc.. 30 1.640 19.72 1,314 801 
19 1.628 19.57 1,288 | __791 
Robinia Pseudacacia L. JUNE 9, 1914 
. 45 | 1.050 | 12.63 1,536 1,463 
eee 12 902 | 10.86 1,458 1,616 
Robinia Pseudacacia L. JUNE 9, 1914 
ri 45 .969 11.66 1,232 1,272 
B 36 .932 11.22 1,267 1,360 
24 -QI5 II.01 1.362 1,488 
Robinia Pseudacacia L. JUNE 12, 1914 
A. 51 1.034 12.44 3,297 1,236 
ae 39 -920 II.07 1,181 1,285 
ae 29 .903 | 10.87 1,217 1,348 
* In the cases of Quercus coccinea of June 30, samples taken at 61 and at 50 feet 
proved insufficient for a determination of freezing point lowering and have been 
combined to form a single sample arbitrarily placed at 56 feet. 
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Sample Height 4 P « X 10° «/4 X 105 


Robinia Pseudacacia L. JUNE 18, 1914 
A 41 | 13.03 =| «512 | 1,306 
B 18 1.045 12.57 | 1,589 | 1,521 


Robinia Pseudacacia L. JUNE 14, 1915 


A 40 1.189 | 14.30 1,379 1,159 
B 28 1.126 13.55 1,407 1,249 
14 1.017 12.24 1,213 1,193 


Robinia Pseudacacia L. JUNE 8, 1915 
| 876 10.54 1,061 


A 30 1,212 
B 13 .817 9.84 1,390 1,701 
Robinia Pseudacacia L. JULY 30, 1915 

A 37 1.009 12.14 1,390 1,377 

B.. 25 .960 11.55 1.424 1,483 

Cc 8 .998 12.01 1,298 1,301 
Salix sp. JUNE 8, 1915 

A 25 1.029 12.38 1,605 1,560 

B.. 10 1.024 12.32 1,599 1,562 
Salix sp. JUNE 8, I9QI5 

33 1.180 14.20 1,567 1,328 

eee 12 1.171 14.09 | 1,574 1,344 


Thus the signs are positive when osmotic concentration increases 
with height of insertion. 

For example, in the case of Acer rubrum of June 10 the differ- 
ences are: 


Heights L=£, A P | K 108 108 


io, eee 20 0.026 0.31 — 48 — 48 
WE ces 35 0.051 0.61 — 75 — 80 
B-C..... 15 0.025 0.30 — 27 


It is quite unnecessary to burden these pages with the actual 
differences, which have been represented graphically in the dia- 
grams. Summarizing the results we note first of all that in 73 of 
the 78 comparisons which may be made, the sample of tissue 
collected at the higher level shows a greater concentration than 
does the one taken at the lower level. More satisfactory evidence 


J 
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of an increase in the concentration of the leaf sap with increase 
in height of insertion could hardly be desired! 

On the assumption of the adjustment of the leaf cells to an 
increased load—an assumption which we are not at this moment 
either urging or combating—the increase in osmotic concentra- 
tion of the sap of the tissues collected at a higher level, L, over 
that of tissues collected at a lower level, Lo, should be proportional 
to the combined weight of two factors: (a) the hydrostatic head, 
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and (b) the resistance due to the passage of the column of water 
of length L — Ly through the conducting tracts. 

Since L — Lo is measured in feet, both of these values should 
be expressed in heights of water column in the same units. Thus 
the increase in atmospheres pressure due to hydrostatic head, H, 
should be given by 
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P — P, = 
where 
H = (L — Ly)/34, 


where except for differences due to the elevation above sea level 
at which collections are made, H is invariable. 

The resistance of the conducting tracts may be most conveni- 
ently expressed in terms of the ratio between (1) height of a 
column of water, R’, which is required to force water through a 
horizontal stem of length L — Lo at the rate of the transpiration 
stream, and (2) the height of a column of water which is the 
equivalent of one atmosphere pressure, i. e., R = R’/34. 

Possibly R, the constant for the resistance of the conducting 
tracts, may differ from species to species. However this may be, 
workers who have attempted to determine the value of this 
constant have come to widely divergent conclusions. 

Dixon devotes Chapter VI of his book on Transpiration and 
the Ascent of Sap to the criticism of the experimental data on the 
resistance offered by the wood to the movement of the transpira- 
tion stream. He concludes: 

‘It appears that water may be moved through a stem in a horizontal position 
with the velocity of the transpiration current if urged by a head equal to the length 
of the stem. To raise water in a vertical stem at the same velocity, evidently twice 
the head will be required. Consequently when the force is applied as tension at the 


upper end, the greatest stress the water need be subjected to is double the height 
of the moving column.” 


Now while we may assume that 
P-—-P,=H+R 


represents approximately the two most important factors deter- 
mining any adjustment (if such adjustment really exists) of the 
cells to increased load, it is quite clear that the equation may 
not be so simple. Other factors are probably also involved. 
For example capillarity may diminish the downward pull due to 
gravity. Possibly the power of imbibition of the leaf colloids may 
also play a réle similar to that of the osmotic concentration of 
the solutes which contribute to the freezing-point lowering. 

It is clear that the testing of the experimental results secured 
in our height studies against this formula is rendered highly 


questionable by reason of the fact that nothing is definitely known 
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concerning the value of R in the species of trees with which we 
have worked. 

The average ratio of the differences in height of all the possible 

pairs of samples from the same individual tree to the water- 
column equivalent of one atmosphere have been computed and 
found to be 
H = (L — Lo)/34 = 0.646. 
Thus if differences in hydrostatic head stood in a causal relation 
to differences in the osmotic concentration of the leaf sap, and 
were the only factor of significance, one would expect an average 
difference of 0.646 atmospheres in the series of differences deter- 
mined from our observations. 

Naturally the resistance of the conducting tracts cannot be 
neglected. Dixon estimates that at most this is not greater than 
the hydrostatic head. If twice this value be taken for the sake of 
obtaining concrete figures the theoretical mean value of the 
difference in osmotic concentration at two levels would be 1.291. 

The observed mean difference in osmotic concentration, P, 
is almost exactly midway between the two values 0.646 and 
2 X 0.646, i. e., 0.978 as compared with the mid value 0.968. 

The closeness of agreement to be expected between observa- 
tion and theory must depend entirely upon the value assigned to 
R. Taking R = H the agreement is not good, for the mean 
value of P — P» is about 1.00 as compared with the expected 1.30. 
The value of R which would harmonize hypothesis and observa- 
tion would be .333 as compared with .646, or about half the 
hydrostatic head instead of the equivalent of the hydrostatic head 
considered the maximum value by Dixon. Since determinations 
of the resistance of the conducting tissues have for the most part 
been made on cut branches and with methods in which errors 
are unavoidable, it seems quite possible that half rather than the 
equivalent of the hydrostatic head may be the true value of the 
force required to overcome the resistance encountered by water 
in moving through the conducting tracts of these species at the 
rate of the transpiration stream.* 


* Capillary rise in the stem and imbibition pressure in the leaf cells would both 
tend to offset R. Neither of these forces would be included, at least in their entirety, 
in the direct measurements of R which have been made. 
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It is perhaps evident from the preceding paragraphs that the 
four lines of investigation now most needful for a more complete 
understanding of the relationship between osmotic concentration 
and level of leaf insertion are: (a) more extensive measurements 
of the resistance opposed to the transpiration stream by the con- 
ducting tracts; (b) detailed investigations of the properties of the 
fluids of the transpiration stream at different levels in the trunk 
throughout the year; (c) measurements of the two chief atmos- 
pheric environmental factors, evaporating power of air and insola- 
tion at different levels; and (d) determination of the extent of the 
role played by the imbibition pressure of leaf colloids. 

The question of the resistance of the wood system has been 
touched on above. Further measurements for a great variety of 
species are needed. The importance for plant physiology in 
general of the investigation of the composition of the transpiration 
stream at different levels has been shown by Dixon and Atkins 
who have provided a method* and have published several series 
of measurements on trees examined during the winter and vernal 
season.t It seems rather improbable that such differences as 
they were able to demonstrate during the period of mobilization 
of reserve materials should be of great influence at the time at 
which our determinations were carried out. Nevertheless the 
subject deserves far more detailed study than Dixon and Atkins 
have been able to give it in their splendid pioneer work.t 

Differences in the evaporating power of the air and in insolation 
would (theoretically) influence osmotic pressure by increasing the 
concentration of solutes in the leaves by evaporation and through 


constituents and the concentration of the sap in the conducting tracts, and on the 
circulation of carbohydrates in plants. Sci. Proc. Roy. Dublin Soc. N.S. 14: 374- 
392. 1915. Also in Notes, Bot. Sch. Trin. Coll. Dublin 2: 275-293. 1916. 

t+ Dixon, H. H., & Atkins, W. R. G. Osmotic pressures in plants. VI. On the 
composition of the sap of the conducting tracts of trees at different levels and at 
different seasons of the year. Sci. Proc. Roy. Dublin Soc. N.S. 15: 51-62. 1916. 
Also in Notes, Bot. Sch. Trin. Coll. Dublin 2: 335-346. 1916. 

t Note that Dixon and Atkins find that the concentration of carbohydrates 
increases from lower to higher levels of the trunk. Possibly this may have some 
relation to our own findings with regard to the increase of osmotic concentration 


but the decrease of conductivity, or at least of the ratio of conductivity to freezing 
point lowering, in leaves inserted at higher levels. See discussion below. 


| « 
| 
differences in the rate of photosynthesis in varying illumination. 
| 
* Dixon, H. H., & Atkins, W. R. G. Osmotic pressures in plants. IV. On the 
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The question of differentiation in atmospheric conditions at 
various levels in the forest has long received the attention of 
ecologists. Thus as early as 1888 Schimper* called attention to 
differences in the epiphytic vegetation of the forest floor and 
canopy. Shreve in his studies on Jamaican Hymenophyllaceaet 
and on Jamaican montane rain forest epiphytes in generalf has 
emphasized the same point, referring the observed differences to 
‘vertical differences between the climate of the forest floor and 
its canopy.” 

Further light is thrown upon the subject by an examination of 
the specific electrical conductivity of the saps. 

While the values of «x measuring the concentration of dis- 
sociated electrolytes do not show as great regularity as do those 
of A measuring the concentration of total solutes, the general 
trend of the relationship between this constant and height of 
insertion is clearly the reverse of that demonstrated by the 
freezing-point lowering. Thus in 46 cases the conductivity de- 
creases§ from lower to higher levels as compared with 29 cases in 
which it increases. Thus apparently the saps from higher levels 
are actually less rich in electrolytes than those from the lower 
levels. 

That samples from higher levels are relatively less rich in 
electrolytes is splendidly shown by a comparison of the ratios of 
electrical conductivity to freezing-point lowering, i. e., «/A. These 
are represented in DIAGRAMs 3 and 4. In all but 13 of the 75 cases 
the ratio is lower in the saps from the higher levels. Further- 

*Schimper, A. F. W. Die epiphytische Vegetation Amerikas. Bot. Mitt. 
a. d. Tropen 1, 1888. 

+ Shreve, F. Studies on Jamaican Hymenophyllaceae. Bot. Gaz. 51: 184-209. 
IQI I. 

t Shreve, F. A Montane Rain-Forest. Pub. Carn. Inst. Wash. 199: 38-41. 
1914. 

§ Botanists who are unaccustomed to thinking in physico-chemical terms need 
only remember that specific electrical conductivity is the reciprocal of the resistance 
which is inversely proportional to the concentration of ions of electrolytes. Thus a 
decrease in conductivity indicates a decrease in the concentration of dissociated 
electrolytes. 

Confidence in the significance of these differences is increased by the fact that 
the mean value of the negative differences (i. e., those in which the conductivity 
at a lower level is greater than that at a higher level) is greater than that of the 29 
positive differences. 
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more, the averages of the negative differences is far higher than 
those indicating increase in x/A with increase in height of insertion. 
Thus the mean of the positive differences between the values of 
(x/A) X 10° for higher and lower levels is only 69.5 as compared 
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with a mean of — 112.3 for the negative differences. For all 


comparisons the mean differences in — 80.7. 

Thus our findings apparently indicate that if environmental 
heterogeneity plays a rdle in the determination of the differences 
in the physico-chemical constants found, the increased photo- 
synthesis at higher levels is the factor of the greatest importance. 
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Our own feeling in regard to the matter is that conclusions 
concerning this question should be deferred until actual measure- 
ments of the suggested environmental factors are available. 


IV. RECAPITULATION 


In the preceding pages we have considered the problem of the 
relationship between level of insertion and the physico-chemical 
properties of leaf sap in trees. 

Measurements on 26 trees belonging to 12 species show that: 

(a) The osmotic concentration of the leaf sap as determined 
by the freezing-point lowering method increases from lower to 
higher levels. This is true almost without exception. 

(b) Specific electrical conductivity, x, shows a tendency to 
decrease from lower to higher levels. The results are, however, 
by no means so regular as those for the depression of the freezing 
point, A. 


(c) The ratio of specific electrical conductivity to freezing-point 


lowering, x A, decreases from lower to higher levels. This is true, 


almost without exception. 

The relationship of physico-chemical properties to level of leaf 
insertion must be due to either internal or environmental factors. 

The suggestion is made as a basis for further investigation 
that if the increase in osmotic concentration with increase in 
level of insertion be an adjustment on the part of the leaf cell to 
increased load, the increment in osmotic concentration should be 
approximately given by 


P-—P,=H+R, 


where P is the osmotic concentration at a higher and Pp» that at a 
lower level, H is the weight in terms of atmospheres of a column 
of water L — Lp in height, and R is the resistance, expressed in 
atmospheres, to the passage of water moving at the rate of the 
transpiration stream opposed by conducting tracts of the length 
L — Lo, where L and Ly are the heights of the two levels of leaf 
insertion. 


The ratio 
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which should equal unity within the limits of experimental error 
if increase in osmotic concentration were an adjustment to hydrostatic 
head alone, varies widely, with the average value of 1.508. This 
excess might be expected from the resistance due to the conducting 
tracts. The closeness of agreement of theory and observation 
must depend upon the value found for R, a value upon which 
experimenters are not at all in accord. 

We must, however, point out that an agreement between the 
observed increments in osmotic concentration and the theoretical 
values calculated from the hydrostatic head and the resistance 
of the conducting elements cannot be taken as proof of an adjust- 
ment on the part of the cells to the back pull due to these factors. 
Such agreement might be purely accidental. Until the possible 
external factors to which increase in osmotic concentration at 
higher levels might be due are eliminated by experimental studies, 
any such agreement should be regarded as a coincidence. Meas- 
urements of the extent of differentiation in evaporating power of 
the air and in the intensity of illumination to which leaves growing 
at various heights are subjected are urgently needed. 

In emphasizing the fact that the results of this study neither 
substantiate nor disprove the assumption that the back pull due 
to hydrostatic head and to the resistance of the tracts stand ina 
causal relation to the increase in osmotic concentration, we must 
point out that if osmotic concentration of the leaf sap be a factor 
of importance in the rise of the transpiration stream, the increase 
in the osmotic concentration with height of insertion may bear 
a very significant causal relation to the ascent of sap in trees. 

The fact that the relative concentration of electrolytes de- 
creases from lower to higher leveis would indicate that the dif- 
ferences are due to increased photosynthesis in the upper regions 
of the tree rather than to the concentration of salts from the soil 
solution by increased transpiration. 

In conclusion, it is perhaps hardly necessary to suggest the 
desirability of correlating differences already known to be asso- 
ciated with height in trees 


for example, heavier fruiting or the 
development of the so-called shade leaves—with sap properties. 
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A critical study of certain species of Mucor 
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(WITH PLATES 17-20) 


[Concluded from page 250] 


V. TAXONOMIC 


In the preceding experimental part of this work it has been 
shown that the species of Mucor, with but few exceptions, are 
rather plastic organisms, varying considerably with the external 
conditions, particularly the substratum. This fact, together with 
the lack of emphasis as to its importance, especially in questions 
of taxonomy, has led to a great deal of confusion and often to the 
description of a single species under several names. In view of 
this fact it appeared most desirable to attempt a standardization 
of the cultural requirements and to undertake a detailed study of 
as many forms as possible under such conditions. Early in the 
work it was seen that it would be necessary to limit the field of 
study, and as the genus Mucor is composed of so many species 
which offered difficulty, it was decided to include only this genus 
in the detailed study. In the aggregate, over one hundred col- 
lections (numbering those from which no mucors were isolated) 
have been made during the last three years. A glance at TABLE I 
will show the result: eighty-four collections gave mucors, twenty- 
eight from dung, twenty-two from decaying plant or animal sub- 
stances, twenty-three from soil, etc. Fourteen genera of the 
Mucorales, including thirty-seven species, were isolated: Mucor, 
nineteen species; Absidia, two species; Rhizopus, two species; 
Sporodinia, one species; Phycomyces, one species; Circinella, one 
species; Glomerula, one species; Zygorhynchus, one species; Heli- 
costylum, one species; Thamnidium, one species; Pilobolus, three 


species; Chaetocladium, one species; Cunninghamella, one species; 
and Syncephalis, two species. 

It will be observed (TABLE I) that sixty-six collections of 
Mucor were obtained, which are referred to nineteen species. Of 
these, six species are undescribed, viz.: Mucor abundans, M. 
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varians, M. aromaticus, M. griseosporus, M. coprophilus, and M. 
griseo-lilacinus. 

As has been mentioned before, it was decided to use bread as 
a standard medium for the comparative study of the species of 
Mucor. A convenient and, at the same time, uniform style of 
culture was a further desideratum. \The tall lipless beakers de- 
scribed in the method of making herbarium preparations proved 
unsuitable in this case, by reason of their large size, and the im- 
possibility of opening them after they had stood for some time 
without contaminating the culture. This was doubtless due to the 
fact that the cotton used to make the (Petri dish) cover tight served 
as a collector of spore-containing dust. After several arrange- 
ments, the following method was evolved, and this has proved 
successful and easy of manipulation. ‘Two glass capsules, each 
containing about 1 c.c. of bread (fresh bread, slightly moistened, 
or dried bread with sufficient water added to form a paste after 
autoclaving), were placed side by side in a 125 mm. crystallizing 
dish. This was covered first with a thin layer of cotton batting, 


5 cm. in diameter. 


and then with a circular glass plate about 12. 
These preparations were autoclaved three or four hours at fifteen 
pounds pressure. All of the descriptions and figures, unless 
otherwise specified, were made from cultures prepared according 
to the above-described method. The height in each case was 
checked by comparison with herbarium cultures in the tall beakers. 

The author assumes that anyone attempting to identify a 
mucor has found some difficulty with the already existing keys, in 
that it is necessary first of all to determine whether or not the 
sporangiophores are branched or simple, and if the former, whether 
racemosely or cymosely branched. To facilitate matters, con- 
sideration will first be given to the question of simple and branched 
sporangiophores. Lendner gives as a parenthetical expression 


after his unbranched group “exceptionally, when the conditions 
of nutrition are unfavorable, branches are formed; they are cases 
of anomaly.’ This immediately causes trouble, because _ if 
branching is found in a species it must be determined whether it is 
anomalous or not. To give a concrete example, Wehmer (1903) 
described a mucor under the name Mucor hiemalis as ‘‘ mostly 


unbranched (seldom with lateral branches),’’ and this has been 
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placed by Lendner under the unbranched group. Hagem (1908) 
says that after a study of Wehmer’s species he believes that 
Mucor hiemalis has simple sporangiophores only in young cultures, 
later becoming profusely branched. M. Mucedo L., also, has always 
been classed as a simple form, yet in most descriptions branching is 
given as occurring rarely. It seems better, therefore, not to follow 
the traditional separation into branched and unbranched forms. 
The question of kind or type of branching is even more difficult 
to determine as both types often occur in the same species (M. 
saturninus). Moreover, different students of the group place 
the same species under different types of branching. Examples 
of this disagreement are shown in the case of M. sphaerosporus, 
M. griseo-cyanus, and M. silvaticus, all of which were described by 
Hagem. He placed the first two in the Racemo-Mucor group and 
the third in the Cymo-Mucor group. Lendner changes all three, 
placing the first two in the cymose, and the third in the racemose 
group. From this it is manifest that branching is a poor means 
of separation of species in a key. For these and other reasons to 
be given later, the writer has discarded this character in the 
preparation of the following key which contains the species studied 
from uniform, standard bread cultures. 


KEY TO SPECIES STUDIED 


1. M. proliferus Schostak. 
2. Spores globose, subglobose to suboval....... 3 
2. Spores not globose to suboval......... 9 
4. Turf loose, soon collapsing.......... rr .. 2. M. christianiensis Hagem. 
5. Spores large, shining, 8-13 m............... . 3. M. lamprosporus Lendner. 
6. Columella subglobose to pyriform............ 4. M. abundans sp. nov. 
7. Sporangia brownish; circinate sporangiophores 

5. M. circinelloides Van Tiegh. 
7. Sporangia grayish; circinations not present... .. 6. M. corticolus Hagem. 
8. Columella spinescent; chlamydospores rarely in 


8. Columella smooth; chlamydospores usually in 
8. M. sphaerosporus Hagem. 
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9. Spores elliptical or cylindrical 10 
9. Spores not elliptical or cylindrical. . . ; 12 
10. Culture aromatic; turf ochraceous... . 9. M. aromaticus sp. nov. 
10. Culture not aromatic; turf gray. 
11. Columella pyriform to panduriform; spores 8-12 

..10. M. griseosporus sp. nov. 
11. Columella cylindrical to pyriform; spores 9-16 

12. Turf ivory yellow to olive buff (Ridgway) 12. M. varians sp. nov. 
12. Turf some shade of gray.... 


13. Turf loose; columella oval to pyriform . . . ...13. M. saturninus Hagem. 
13. Turf dense; columella not oval to pyriform. .. 14 
14. Spores not uniform, subreniform, subfusiform ..14. M. hiemalis Wehmer. 
14. Spores uniform oval... . 
15. Sporangia deep bluish-gray; circinate sporangio- 

phores near substratum aac ..15. M. griseo-cyanus Hagem. 
15. Sporangia dark greenish-gray; circinations not 

.....16. M. griseo-lilacinus sp. nov. 
16. Turf red; columella smooth. .................17. M. Ramannianus Moeller. 


16. Turf brown; columella spinescent .........18. M. spinescens Lendner. 


DESCRIPTIONS OF SPECIES 


1. MucoR PROLIFERUS Schostak. Ber. Deutsch. Bot. Ges. 14: 
260. pl. 18, f. I-14. 1896 


Forming on bread a loose, erect, smoke gray (Ridgway) turf, 
tinged drab, 2-6 cm. tall; sporangiophores septate, 23-82 u in 
diameter, simple or profusely branched, with long and then usually 
simple, or short, simple or ramified branches; sporangia large 
(terminal) or small (lateral), 210-349 » and 31-74 uw in diameter, 
respectively, encrusted with crystals, small lateral sporangia often 
deciduous; sporangium wall persistent or rupturing (in the case of 
the small sporangia), or deliquescent (large terminal sporangia), 
leaving a basal membrane; columella free, cylindrical to pyriform 
(approaching panduriform), 125-150 X 58-90 uw (extremes 70-266 
X 43-174 »), tinged brownish; spores elliptical, 8-10 & 4-6 uw in 
diameter (extremes 6-16 X 4-8 uw), hyaline; zygospores globose or 
somewhat flattened at the ends (diameter with axis through sus- 
pensors 17-31 w less than diameter perpendicular to it), 154-168 
X 127-137 mw (extremes 116-182 X 99-1544), dark brown, be- 
coming brownish black at maturity, young zygospores with small, 
round warts, which become large and irregular in mature zygo- 
spores, suspensors subequal, heterothallic (single spore cultures 
produce no zygospores). [PLATE 19, FIGS. 6—10.] 

This interesting species was collected only once, on dung. The 
zygospores, before unknown, were found in the original culture 
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and in cultures made by gross transfers to bread. In order to 
separate this mucor from other fungi present, single spore cul- 
tures were made and only one strain was isolated. The collection 
dates from the early part of the work (1913); consequently no 
effort was made to isolate both strains. No. 34. 

This mucor exhibits a great difference in height according to 
the substratum. A maximum height of 68 mm. was obtained on 
rolled oats; while the following data give some idea of the range of 
variation: bread and cornmeal, 60 mm.; potato agar, 55 mm.; 
rice, 40 mm. with no color production; bean agar, 33 mm. On 
grapefruit it does not exceed 3 mm. It was found to ferment 
dextrose and to oxidize tyrosin solution. 


2. MUCOR CHRISTIANIENSIS Hagem, Ann. Mycol. 8: 268. f. 2-3, 
1910 

Forming on bread a loose, smoke gray turf (Ridgway), with 
drab tinge, 1-3.5 cm. tall, soon collapsing; sporangiophores 6-16 u 
in diameter, sparsely ramified with a few long or short branches 
ending in a sporangium and with a septum above point of insertion 
of branch; sporangia globose, 50-80 uw (extremes 43-121 yw) in di- 
ameter, pale brown, transparent with the spores showing through; 
sporangium wall rupturing, leavinga usually large, or small basal 
membrane; columella free or slightly adnate, oval to pyriform, 
20-82 X 16-62 4, pale brown; spores subglobose to suboval, 
6-10 X 5-8u or 5-9u in diameter (extremes 4-I2 X 3-10 yn); 
chlamydospores numerous in the sporangiophores, oval or barrel- 
shaped when young, globose at maturity, 16-23 4 in diameter; 
sygospores not found (presumably heterothallic). 

This species was collected four times; twice from soil in potting 
bench and bed of different greenhouses, once on fallen leaf (by 
Mr. E. Levin), and once on Brazil nut. Nos. 48, 54, 59, and 77. 
It is related, as Hagem (1910) has pointed out, to Mucor race- 
mosus Fresen., but differs principally in the fact that the chlamy- 
dospores become spherical at maturity, while in M. racemosus 
they remain barrel-shaped. 

Mucor christianiensis varies but little in height on the different 
substrata used: on rice it is 5-10 mm. high; on bread, 4-8 mm.; 
and on grapefruit, 3-10 mm. The species was found to ferment 
dextrose but did not oxidize tyrosin. Moreover, it does not 


form any yellow color on rice. 
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3. Mucor LAMPROsPORUS Lendner, Bull. Herb. Boissier II. 8: 78. 
1908; Les Mucorinées de la Suisse, 92. Berne, 1908 


Forming on bread an erect, dense, pale smoke gray (Ridgway) 
turf, 1.5—3 cm. tall; sporangiophores 10-23 wu in diameter, ramifying 
with a few long branches, or with very short, circinate branches, 
ending in a sporangium; sporangia globose, terminal 62-82 uw in 
diameter, lateral 33-43 4; sporangium wall of large sporangia 
rapidly deliquescent (glycerine mount necessary to obtain sporan- 
gial measurements), of small sporangia persistent or dissolving, 
leaving a slight basal membrane; columella globose to oval, free, 
16-51 X 18-43 4; spores globose, shining, large, 8-13 4 in diam- 
eter; sygospores not found (presumably heterothallic). 

A single collection of this species, easily recognized by the large 
shining spores, was obtained from an oak root, found by Mr. H. 
Andrews, brought into the Cryptogamic Laboratory and placed 
in a moist chamber for study of mycorhiza. No. 35. It is 
interesting to note, in this connection, that the closely-related 
species .Wucor sphaerosporus Hagem was obtained from mycorhiza 
of Pinus montana by Professor Gran in Norway. 

On rice this species grows 25 mm. high and on grapefruit 17 
mm. It ferments dextrose, but does not oxidize tyrosin. 


4. Mucor abundans sp. nov. 


Forming on bread a dense, erect, smoke gray turf (Ridgway), 
tinged drab, 1.5—3.5 cm. tall; sporangiophores 8-23 uw in diameter, 
at first simple, later with one to three lateral branches which are 
in turn branched once or twice (exceptionally five times), with 
branches always terminating in a sporangium, and with a septum 
above point of insertion of branch; sporangia globose or subglobose, 
smooth or incrusted with very delicate crystals, 56-78 uw in di- 
ameter (extremes 39-98 yu), at first yellowish, becoming dark gray 
with a greenish tinge at maturity; sporangium wall deliquescent, 
leaving a basal membrane; columella subglobose to pyriform, free 
or slightly adnate, 31-40 X 25-35 uw (extremes 21-66 20-55 u), 
hyaline or tinged gray; spores variable, globose to short elliptical, 
3-5 uw in diameter or 4-5.5 X 3-4.5 mu (a few 8 X 6 yu); chlamydo- 
spores and yellowish globules in submerged mycelium; zygos pores 
not found (presumably heterothallic). [PLATE 17, FIGs. I-6.] 

This species was found to be very common, no less than eleven 
collections having been made from the following sources: three 
times from horse dung, twice from sandy tilled soil, three times 
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from dung (presumably squirrel), once from decaying tomato, 
rabbit dung, and dog dung, respectively. Nos. 7, 9, 14, 19, 22, 
25, 28, 31, 32, 33, and 60. Nos. 14 and 22 were collected by 
Messrs. K. Duncan and E. B. Mains, respectively. 

Mucor abundans is characterized by the oval to pyriform col- 
umella, the variable—globose to short-elliptical—spores, and the 
color of the turf (smoke gray tinged drab). It is related to Mucor 
griseo-lilacinus, but differs from it in the color of the turf, the 
oval to pyriform columella, the variable 


globose to short ellip- 
tical—spores, and the absence of the lilac tinge in the columella 
and hyphae. It is also related to M. hiemalis (sense of Hagem), 
from which it differs in the shape of the columella and in the shape 
and size of the spores. 

Mucor abundans grows 40 mm. tall on rolled oats, 30 mm. tall 
on corn meal, 25-35 mm. tall on rice, with or without the forma- 
tion of buff to yellow line around edges of surface of rice, and 
g-18 mm. tall on grapefruit. It ferments dextrose, but does not 
oxidize tyrosin. 


5. MUCOR CIRCINELLOIDES Van Tiegh. Ann. Sci. Nat. Bot. VI. 
I: 94. 1875 

Forming on bread a dense, pale smoke gray (Ridgway) turf, 
1-3 cm. tall; sporangiophores 8-16 yw in diameter, tall and short, tall 
forming a turf 2—3 cm. tall, and short attaining only 1-2 mm. 
in height, tall sporangiophores with long or short branches, short 
sporangiophores more profusely branched with short and often 
circinate branches, always terminating in a sporangium and with 
a septum above the point of insertion of branch; sporangia globose, 
of tall sporangiophores, 50-70 uw in diameter (extremes 43-80 yp), 
of dwarf sporangiophores, 14-35 uw in diameter, at first yellowish, 
becoming brownish gray at maturity; sporangium wall deliquescent 
in sporangia borne on tall sporangiophores, rupturing or persistent 
in sporangia of dwarf circinate sporangiophores, leaving a basal 
membrane; columella free, globose to oval, 31-43 X 31-39u 
(extremes 20-51 X 18-43 uw), tinged grayish; spores uniform, sub- 
globose to oval, 3-5 X 3-4 or 3-5mu in diameter (extremes 8 
xX 6-8 uw in diameter); chlamydospores and oidia in and on sub- 
stratum, chlamydospores 20 X 12 yu; sygospores not found (species 
heterothallic). 

This species is characterized by the tall and short (often cir- 
cinate) sporangiophores, the subglobose to oval columella, and 
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the uniform—subglobose to oval—spores, measuring 3-5 X 3-44 
or 3-5 mu in diameter. It is related to M. griseo-cyanus Hagem, 
from which it differs in the color of the turf, color of the sporangia, 
and the spores. It is also related to M. abundans but differs from 
it in the color of the turf, circinate ramifications, shape of colu- 
mella, and the spores. In Mucor circinelloides the spores are 
uniform, subglobose to oval, while in M. abundans they are vari- 
able, globose to short elliptical, also slightly larger. 

Mucor circinelloides was collected six times from soil, four times 
from tilled soil, once from greenhouse (potting bench), and once 
from soil in cold frame. Nos. 38, 39, 42, 43, 45, and 56. 

This species is 15-35 mm. tall on rice, without color produc- 
tion or with a pale pinkish (or ochraceous) buff (Ridgway) line 
around the edges of the top of the substratum. On grapefruit it 
is 2-17 mm. tall. It ferments dextrose but does not oxidize 
tyrosin solution. 


6. Mucor cortTicoLus Hagem, Ann. Mycol. 8: 277. f. 8. 1910 

Forming on bread a dense, pale smoke gray to smoke gray 
(Ridgway) turf, 0.5-2 cm. tall; sporangiophores 6—16 uw in diameter, 
profusely branched with long often ramified branches, terminating 
in a sporangium and with a septum above point of insertion of 
branch; sporangia encrusted with delicate crystals, globose, 51- 
94 uw in diameter, dark gray; sporangium wall deliquescent, leaving 
a large or small basal membrane; co/umella free or slightly adnate, 
mostly oval (a few subglobose), 31-62 & 27-32 uw (extremes 16-62 
X 14-51 uw), tinged gray; spores subglobose to suboval, 3.5—-5 
X 3-3-5 or in diameter (extremes 8 X or in 
diameter) ; sygos pores not found (species presumably heterothallic). 

A single isolation of this species was obtained from soil (just 
beneath the surface) in a corn field. No. 57. This species, which 
is related to M. silvaticus Hagem, is characterized by the fact 
that the lateral branches are usually shorter than the long, often 
bending main axis; by the usually oval columella; and by the dif- 
ferent-shaped and often larger spores. 

Mucor corticolus forms a drab gray (Ridgway) turf, 2 cm. tall 
on rice with the production of a pinkish buff line around the edges 
of the surface of the rice. It ferments dextrose but does not 
oxidize tyrosin. 


| 
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7. Mucor PLUMBEUsS Bonorden (sense of Lendner), Abh. Naturf. 
Ges. Halle 8: 109. pl. 1, f. 20. 1864 


Forming on bread a dense, fuscous (Ridgway) turf, 0.1-1 cm. 
tall; sporangiophores 10-16 yu in diameter, profusely branched with 
branches ending in a sporangium and with a septum above point of 
insertion of branch, also septate at irregular intervals in the 
sporangiophores; sporangia globose, 60-80 yu in diameter (extremes 
35-117 «), brownish black, encrusted with crystals or smooth; 
sporangium wall deliquescent, leaving a basal membrane; columella 
free, oval, pyriform, elongated, or conical, smooth or furnished with 
one to twelve spines at the apex, 30-60 X 16-32 uw (extremes 16- 
74 X 12-59u), dark brown; spores globose, 6-9 u in diameter 
(extremes 5-13 x), also a few elliptical and irregular-shaped spores, 
23 X 18, 16 X 124, dark brown, punctate; zygospores not found 
(species heterothallic). 

This species was obtained four times: twice as contamination 
in cultures; from Sphagnum with germinating seeds; and from a 
decayed Brazil nut. Nos. 47, 51,61, and 78. The species is quite 
variable, as a comparison of the descriptions given by Fischer and 
Lendner will show. Moreover, there are transitional forms be- 
tween it and the closely related species, M. spinescens Lendner. 
On potato agar, rolled oats, and bread, M. plumbeus reaches a 
height of 10 mm., on rice, 7-8 mm., on cornmeal, 5 mm. and on 
grapefruit, 4-5 mm. There is no color production on rice. It 
ferments dextrose and oxidizes tyrosin, but more slowly than 
M. coprophilus and M. griseosporus. 


8. Mucor SPHAEROSPORUS Hagem, Vid.-Selsk. Skr. M.-N. KI. 
Christiania 19077: 22. f. 4. 1908 


Forming on bread a dense, 2 mm. high, and a sparse, I cm. 
high, hair brown (Ridgway) turf; sporangiophores 6-18 w in di- 
ameter, typically branched, with one long branch (in turn pro- 
fusely ramified), or several short, simple branches, in either case 
with branches terminating in a sporangium and with a septum 
above the point of insertion of a branch; sporangia globose, 78-86 yu 
in diameter (extremes 59-98 »), with spores shining through, 
brown; sporangiunm wall deliquescent, leaving a basal membrane; 
columella free or slightly adnate, subglobose to pyriform, 39-59 
35-47 u (extremes 23-70 X 21-594), tinged brown; spores 
uniformly globose, 5-8 u in diameter (extremes 4-10 yu), yellowish; 
chlamydospores in sporangiophores, globular, with central oil 
globule; zygospores not found (presumably heterothallic). 
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This species was obtained twice, from decayed leaf and as a 
contamination in a culture. Both of these the writer received 
from Mr. E. Levin. Nos. 49 and 50. It belongs to the M. race- 
mosus group of mucors but can readily be distinguished from the 
above-mentioned species by the color of the turf, which is nearest 
to that of M. plumbeus, although it is slightly lighter. The branch- 
ing in M. sphaerosporus is much more profuse than in M. race- 
mosus; and while the spores are very similar in the two species, 
the chlamydospores are different. In M. sphaerosporus they are 
globular and have a central oil globule. 

This species forms a hair brown (Ridgway) turf, 1-2 cm. tall 
on rice, without any yellowish coloration near surface of sub- 
stratum; on grapefruit a 7-8 mm. tall, gray turf is produced. 
Dextrose is fermented but tyrosin is not oxidized by this species. 


9g. Mucor aromaticus sp. nov. 


Forming on bread a loose, yellow ochre to ochraceous orange 
(Ridgway) turf, 2-3 cm. tall; sporangiophores 20—50 u in diameter, 
typically unbranched or with one to three lateral branches always 
terminating in a sporangium; sporangia globose, 100-160 yu in 
diameter, encrusted with small crystals, more or less transparent, 
showing the spores within; sporangium wall deliquescent, without 
or with basal membrane; columella free, subglobose to oval, ap- 
proaching pyriform, 51-121 X 43-105 uw, with or without proto- 
plasmic contents, hyaline; spores uniform elliptical, 18-20 K 10 u 
(extremes 15-35 X 7-14 u), a few oval, also approaching spherical; 
culture strongly aromatic, with odor somewhat like camphor and 
celluloid; sygospores not found (species presumably heterothallic). 
[PLATE 17, FIGS. 7—11.] 

This species is characterized by its ochraceous color and its 
odor. Its origin was dung (squirrel?), and the writer is indebted 
to Professor J. B. Pollock, who collected it. No. 24. 

Mucor aromaticus varies with the substratum as may be seen 
from the following data. On potato agar it grows 32 mm. tall; 
on bean agar, 20 mm.; on apple agar, 11 mm.; on rolled oats, 30 
mm.; on cornmeal, 20 mm.; on starch paste, 20 mm.; and on rice, 
20-30 mm. (often coloring the whole substratum yellow). It 


ferments dextrose (slight amount of alcohol found on second dis- 
tillation), but does not oxidize tyrosin. Cultures on the following 
substrata were strongly aromatic: rolled oats, cornmeal, beef 
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gelatin, potato agar, dextrin gelatin, and rice. On starch paste 
and apple agar, however, the odor was slight. 


10. Mucor griseosporus sp. nov. 


Forming on bread a loose, erect, light grayish olive (Ridgway) 
turf, tinged brown, 3-4 cm. tall; sporangiophores with brownish 
membrane, 20-70 uw in diameter, typically unbranched, or with 
one or two short lateral branches terminating in small sporangia, 
becoming septate in old cultures; sporangia globose, terminal 244- 
302 uw in diameter, encrusted with crystals, lateral up to 98 uw in 
diameter, at first yellowish becoming dark gray at maturity; 
sporangium wall deliquescent (except in small sporangia) leaving a 
basal membrane; columella free, pyriform, pyriform broadened at 
the base, or panduriform, 115-242 X 88-1654 usually with 
yellowish to pale orange contents; spores uniform, elliptical 8-12 
5-6 mu (extremes 8-15 X 5-84u), clear gray, in mass almost 
black, agglutinate ; zygospores not found (presumably heterothallic). 
|PLATE 18, FIGS. I-5.] 

This species is characterized by its simple or slightly branched, 
septate, sporangiophores; its pyriform columella; and gray, uni- 
formly elliptical spores. It is related to M. piriformis Fischer, 
but differs from it in the fact that the lateral branches terminate 
in sporangia; in having septate sporangiophores; basal membrane 
present; and slightly larger, and clear gray spores. Collected a 
single time on dung. No. 26. 

M. griseosporus grows as follows: on rolled oats, 70 mm. tall; 
on potato agar and cornmeal, 65 mm. tall; on starch paste and 
rice, 50 mm.; on bread and apple agar, 40 mm.; on bean agar, 
27 mm.; and on grapefruit, 21 mm. On rice there is no color 
production. It ferments dextrose to a slight extent, and oxidizes 
tyrosin. 

11. Mucor coprophilus sp. nov. 


Forming on bread a loose, light grayish olive (Ridgway) turf, 
2-2.5 cm. tall; sporangiophores brown, 27-46 uw in diameter, rami- 
fying with long branches, or shorter, simple or ramified, more 
slender branches (terminating in small often deciduous sporangia 
20-62 uw in diameter, with rupturing membrane); sporangia (large 
terminal) globose, encrusted with crystals, 185-235 u in diameter, 
whitish at first, becoming almost black at maturity; sporangium 
wall readily deliquescent (except in the case of sporangia on dwarf 
sporangiophores), leaving a small basal membrane; columella free, 
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cylindrical to pyriform, 110-160 X 70-113 4, brownish, sometimes 
with orange contents; spores narrowly elliptical in larger sporangia, 
13-16 X 5-6 yu, broadly elliptical in smaller sporangia, 9-12 7-84, 
grayish; chlamydospores rarely in sporangiophores; zygospores not 
found (presumably heterothallic). [PLATE 19, FIGS. I-5.] 

This species is characterized by its varied habit of branching; 
its small, lateral, often deciduous sporangia, recalling Mucor lam- 
prosporus; its cylindrical to pyriform columella; and its variable 
spores, narrowly elliptical and broadly elliptical in the larger and 
smaller sporangia respectively. It is related to Mucor griseosporus, 
from which it differs in its slightly lighter colored and shorter turf; 
more slender and more profusely branched sporangiophores; 
cylindrical to pyriform columella; and its variable (broadly to 
narrowly elliptical), larger, non-agglutinate spores. A single 
collection was obtained of this characteristic species from rabbit 
dung. No.73. Ellis & Everhart’s North American Fungi 972 is 
certainly not Mucor Mucedo (sporangia and spores too large), and 
probably ought to be referred to M. coprophilus. 

This species forms a 30 mm. tall, Saccardo’s olive (Ridgway) 
turf on rice and a 25 mm. tall, brownish gray turf on grapefruit. 
It produces no color on rice but oxidizes tyrosin and ferments 
dextrose to a slight extent. 


12. Mucor varians sp. nov. 


Forming on bread a dense, ivory yellow to olive buff (Ridgway) 
turf, 1-3.5 cm. tall; sporangiophores 8-20 yu in diameter, either little 
or profusely branched, much coiled, twisted or intertwined, 
forming a dense, tough, cottony turf, with proliferations of 
hyphae and columellae often present; sporangia globose or sub- 
globose, smooth, 60-804 in diameter (extremes 43-116 u), at 
first yellowish or pale orange, becoming very dark gray, tinged 
green, at maturity; sporangium wall deliquescent, leaving a basal 
membrane; columella free or slightly adnate, very variable in 
shape, subglobose, hemispherical, flattened hemispherical, oval, 
cylindrical, elliptical, pyriform, panduriform, cylindro-conical, 
subconical and conical, large columellae hemispherical to conical, 
small columellae cylindrical to pyriform and panduriform, 25—50 
X 20-45 uw (extremes 18-70 X 12-59 4), membrane tinged gray, 
with or without orange contents; spores not uniform, oval to sub- 
elliptical (few spherical), 4-6 X 3-4 (extremes 4-14 X 3-8 
4-8 uw in diameter, bizarre spores not rare, reniform, cruciform, 
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etc.; zygospores not found (presumably heterothallic). [PLATE 20, 
FIGS. I-6.] 


This species was isolated from soil (in hardwoods and tilled) 
four times; also from stable bedding and manure; from the stem 
of a decaying apple; and from Calvatia sp. (the last-mentioned 
collected by Dr. E. B. Mains). Nos. 18, 21, 29, 36, 37, 46, and 58. 

Mucor varians is characterized by the color of its turf, chamois 
to deep olive buff (Ridgway) in dried herbarium specimens; by 
the extremely variable shape of the columella; by its dissimilar 
spores; and by its habit of growth, i. e., the peculiar intertwining, 
coiling, and proliferation of the hyphae. This species resembles 
Mucor Jansseni Lend. in the shape of the columella. 

Mucor varians forms a light grayish olive to cartridge buff 
(Ridgway) turf, 25-30 mm. tall on rice, sometimes with the 
yellowish line at the edge of the surface of the medium. On 
grapefruit a gray or yellowish gray turf is formed, 8-15 mm. tall 
(sometimes with a bright orange line around the edge of the surface 
ofthe medium). It ferments dextrose but does not oxidize tyrosin. 


13. MvucoR SATURNINUS Hagem, Ann. Mycol. 8: 265. f. 7. 1910 


Forming on bread a loose, gull gray (Ridgway) turf, 2-2.5 cm. 
tall; sporangiophores of two kinds, tall and short, the former 
composing the turf, the latter forming patches of dark gray felt 
(less than I mm. thick) on the substratum, fall sporangiophores 
12—35 uw in diameter, typically unbranched (sometimes with a single 
short branch ending in a sporangium), short sporangiophores 
simple or branched; sporangia globose, 57-156 wu in diameter, at 
first yellowish, becoming almost black at maturity, finely incrusted 
with crystals; sporangium wall dark gray, deliquescent (in spo- 
rangia of tall sporangiophores), rupturing (or persistent in spo- 
rangia of short sporangiophores), leaving a large or small basal 
membrane; columella free, tinged grayish, oval to pyriform, 
34-107 X 39-80 un, with or without pale orange contents; spores 
uniformly oval, variable in size, 6-8 K 4-6u (extremes 4-12 
X 3-7»), pale gray in mass; zygospores not found (presumably 
heterothallic). 

This species was found on horse dung and on decaying Col- 
lybia dryophila Bull. Nos. 10 and 68. 

Mucor saturninus is characterized by the varying height of the 
sporangiophores, by the shape of the columella, and by the uni- 
formly oval spores. The color of the turf is also characteristic. 
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This species forms a 14-20 mm. tall, gray turf on grapefruit 
and on rice a 10-20 mm. tall, pale smoke gray to smoke gray 
(Ridgway) turf. It ferments dextrose but does not oxidize 
tyrosin. 


14. Mucor HIEMALIS Wehmer, Ann. Mycol. 1: 37. f. 1-9. 1903 

Forming on bread a dense, grayish white (Ridgway) turf 
tinged tilleul buff, 1-3 cm. tall; sporangiophores 16-20 u in di- 
ameter, at first simple or, more often, once or twice (exceptionally 
up to six times) branched, with a septum immediately above 
point of insertion of branches, all of which terminate in a sporan- 
gium; sporangia globose, 60-75 u in diameter (extremes 30-100 
at first yellowish becoming dark gray with a greenish tinge at 
maturity; sporangium wall deliquescent, leaving a basal mem- 
brane; columella free, globose to subglobose, 30-50 » in diameter 
(extremes 20-55 uw), hyaline; spores variable in shape and size, 
subfusiform, subreniform, narrowly oval, subelliptical, 4-8 
X 2-4 u (a few 8-9 X 4-6 pz), hyaline; zygospores not found (species 
heterothallic). [PLATE 20, FIGs. 7—10.] 

This species was isolated from various types of soil, from 
several kinds of dung, and from decaying mushroom. Nos. 4, 5, 
6, 13, 72, and 74. 

This agrees with Wehmer’s description in general although the 
sporangia and columella are slightly larger, and branching is 
frequent. Both of these differences may be due to the influence of 
the substratum, as Wehmer has pointed out the variability of this 
species. The spores are characteristically variable, reniform 
being a common shape. 

Mucor hiemalis exhibits the following cultural characteristics: 
on rice it forms a slightly yellowish, gray turf, 10-25 mm. tall 
(with a pinkish buff to orange buff line at margin of the upper 
surface of the substratum); on rolled oats the height is 42-45 mm.; 
on cornmeal, 25-35 mm.; on starch paste, 20-25 mm.; and on 
grapefruit, 10-19 mm. Dextrose is fermented to some extent but 
tyrosin is not oxidized. In the maltose-peptone-tyrosin solution 
an apricot yellow (Ridgway) submerged mycelium is formed. 


15. MUCOR GRISEO-CYANUS Hagem, Vid.-Selsk. Skr. M.-N. 
KI. Christiania 1907’: 28. f. 9. 1908 


Forming on bread a dense, mouse gray to light mouse gray 
(Ridgway) turf, 0.5-1.5 cm. tall; sporangiophores 8-18 in 
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diameter, tall and short, tall forming the turf, and short remaining 
only 1-2 mm. in height, fall sporangiophores with long (more or 
less) straight branches, short sporangiophores with short (sporangia 
sometimes appearing almost sessile), usually circinate branches, 
always with septum immediately above point of insertion of 
branch; sporangia globose, 60-80 yu in diameter (extremes 39-98 yp), 
encrusted with tiny crystals, at first pale yellowish, becoming 
deep bluish gray at maturity; sporangium wall deliquescent (in 
sporangia of tall sporangiophores), rupturing (or persistent in 
sporangia of short sporangiophores), leaving a large or small basal 
membrane; columella globose to oboval, free or slightly adnate, 
33-39 X 31-33mu (extremes 20-58 X 17-47 u); Spores uniformly 
oval, gray in mass, 5-6 X 4-5 u (a few 8 X 5 u); chlamydospores 
forming creamy patches (sometimes to the exclusion of sporangio- 
phore production) on surface of substratum, globose, oval to 
ventricose fusiform, terminal or intercalary, singly or in bead- 
like chains, 16 uw in diameter or 20 X 10-12 yw; zygospores not found 
(species presumably heterothallic). 


This species was collected twice: once, by the writer, on dung 
(squirrel?), and once on old bones in the Zoological Laboratory of 
the University of Michigan by Miss C. Reeves. Nos. 12 and 30: 

Mucor griseo-cyanus forms a gray turf 15-20 mm. tall on rice 
and a 10-12 mm. gray turf on grapefruit. It has the ability to 
ferment dextrose but can not oxidize tyrosin. 


16. Mucor griseo-lilacinus sp. nov. 


Forming on bread a dense, mouse gray (Ridgway) turf becoming 
in age tinged with drab, 1-1.5 cm. tall; sporangiophores 8-20 yp in 
diameter, at first simple, later with one or two lateral branches 
which are in turn ramified once to three times (exceptionally 
eleven times) with branches always terminating in a sporangium, 
and with a septum above point of insertion of branch; sporangia 
globose or subglobose, 60-80 uw in diameter (extremes 40-100 y), 
at first yellowish, becoming dark gray with greenish tinge at 
maturity; sporangium wall deliquescent, leaving a basal membrane; 
columella free or slightly adnate, globose to subglobose, 27-43 u 
in diameter (extremes 12-67 yu), tinged lilac gray; spores uniform, 
oval, 4-6 X 3-4 (a few large, 8 X 6, 10 X 5u), pale gray in 
mass; chlamydos pores and oidia present in hyphae, chlamydospores 
globular to barrel-shaped, 10-30 uw in diameter; hyphae (especially 
those near the substratum) with a lilac tinged membrane and 
often with orange yellow contents; zygospores not found (species 
presumably heterothallic). [PLATE 18, FIGS. 6—10.] 


302 PovaH: A CRITICAL STUDY OF 


This mucor was obtained from the following sources: stem of 
decayed grape, decaying pine needle, Psalliota campestris (L.) Fr., 
sheep, rodent, and horse dung. Nos. I, 3, 11, 15, 16, 20, and 23. 

The species is characterized by its uniform, oval spores, its 
globose to subglobose, slightly adnate, columella and the lilac 
tint in the columellae and hyphae. This color is sometimes darker 
(pale purplish) in the hyphae near the substratum. 

Mucor griseo-lilacinus forms a drab gray to light drab (Ridg- 
way) turf, 10-20 mm. tall on rice and an 8-19 mm. gray turf on 
grapefruit. It ferments dextrose but does not oxidize tyrosin. 
The cultures on rice exhibit a pinkish buff line (Ridgway) around the 
margins of the upper surface of the medium. 


17. Mucor RAMANNIANUS Moeller, Zeitschr. Forst- u. Jagdw. 35: 
330. 1903 

Forming on bread a dense purplish vinaceous to livid brown 
(Ridgway) turf, 1-2 mm. tall; sporangiophores 2-6 uw in diameter, 
simple or with one branch, septate; sporangia globose, 20—35 yu in 
diameter (extremes 40.4), red; sporangium wall deliquescent; 
columella free, globose, 4—10 w in diameter; spores minute, globose, 
subangular, tinged pink, 2—3 uw in diameter; zygospores not found 
(species presumably heterothallic). 

This species was isolated from soil in coniferous woods and 
from decayed carrot. Nos. 2 and 62. Lendner says, ‘the 
coloration of the sporangia is probably due to interstitial sub- 
stance,’’ but examination of the spores with oil immersion has 
shown them to be distinctly tinged with pink. 

Mucor Ramannianus varies but little. On bread and rice the 
height is 2 mm., but on grapefruit it does not exceed 0.5 mm. The 
color on rice is pale to light brownish vinaceous (Ridgway) while 
on grapefruit it is much brighter, light Corinthian red (Ridgway). 
This is the only species tested which did not ferment dextrose. 


Nor does it oxidize tyrosin. 


18. Mucor SPINESCENS Lendner, Bull. Herb. Boissier Il. 8: 79. 
1908; Les Mucorinées de la Suisse, 89. Berne, 1908 


Forming on bread a dense, fuscous (Ridgway) turf, 1-3 mm. 
tall; sporangiophores 8-124 in diameter, simple or branched; 
sporangia globose, 74-984 in diameter (a few 50.4), brownish 
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black, not transparent, encrusted with crystals about 2 uw long; 
sporangium wall deliquescent, leaving a large or small basal 
membrane; columella free, oval, pyriform, conical, or elongated, 
mostly oval apiculate, usually with one to five spines (exception- 
ally up to twelve) at the apex, although sometimes smooth, 21-43 
X 14-25 u, brown; spores globose (a few irregular), 5-8 u (a few 
4m) in diameter, dark brown; zygospores not found (species pre- 
sumably heterothallic). 


This species was collected twice: from soil in greenhouse, and 
on decayed Brazil nut. Nos. 44 and 75. It is closely related to 
Mucor plumbeus, but differs in its habit of growth (M. 
plumbeus is 1 cm. tall), smaller sporangia, larger and smooth 
spores. 

Mucor spinescens has never been found to exceed 8 mm. on 
any medium on which it has been grown and usually it is but from 
2-5 mm. tall. On levulose and on dextrin gelatin it forms a dark 
brownish gray turf 8 mm. tall. On rice the turf is chaetura black 
(Ridgway) and only 3 mm. tall, while on grapefruit the turf is 
4 mm. tall and fuscous (Ridgway). Fermentation of dextrose 
was obtained and the species is capable of slowly oxidizing 
tyrosin. 


VI. DISCUSSION 


1. TESTS FOR ZYGOSPORES 

With the single exception of Mucor proliferus, zygospores were 
not found in any cultures of the heterothallic species studied. 
This is accounted for by the fact that single spore cultures formed 
the starting point for the study of every number isolated. Con- 
sequently it was deemed necessary to test the various collections 
of the same and of closely related species for zygospore production. 
In a preliminary set glucose gelatin was used, but in the final 
experiments Blakeslee’s agar, the formula of which has been given, 
was used. Petri dishes were inoculated with four numbers of 
mucors and the cultures were examined when growth had resulted 
in a contact of the hyphae of all the four numbers. With the 
exception of Mucor spinescens, M. sphaerosporus, and Nos.9 and 
32 (M. abundans), all of the species collected were tested. In all 
about one hundred fifty different pairs of combinations were used, 


but the results proved negative in every case. 
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2. TAXONOMIC CHARACTERS 
As has already been stated in the taxonomic division of the 
work, the author has disregarded some of the usage of past writers 
in the compilation of his key and specific descriptions. This has 
been done only after careful consideration and the subsequent 
belief that, by so doing, matters might be simplified and put on a 
surer basis than heretofore. Fischer (1892) regarded the grouping 


oe 


of the genus Mucor into sections according to branching ‘‘nur als 
eine provisorische Zusammenstellung.”’ Yet Lendner (1908), 
Hagem (1908), and Jensen (1912) use the same method of separa- 
tion, and as a result we find that there is considerable confusion 
and disagreement. ‘To show this more clearly let us consider a few 
cases. Mucor strictus Hagem was placed by its author with the 
unbranched forms, but Lendner considers that it belongs in the 
Cymo-Mucor group and places it accordingly. Mucor sphaero- 
sporus Hagem and M. griseo-cyanus Hagem, although classed by 
Hagem in the Racemo-Mucor group, are transferred to the cymose 
group by Lendner. Mucor hiemalis Wehmer, which Hagem calls 
a Racemo- Mucor, is held by Lendner to belong to the unbranched 
forms. Mucor silvaticus Hagem, placed in the Cymo-Mucor 
group by its author, is transferred to the Racemo-Mucor group by 
Lendner. Thus it appears, not only that the terms racemose and 
cymose, as applied to the branching in this genus, are interpreted 
by different authors in various ways but also that authors are 
disagreed as to whether forms are to be considered as simple or 
branched. 

It has been the writer’s experience that a mucor which never 
possesses a branched sporangiophore is a rare occurrence; for a 
careful search of the culture will usually reveal some branches 
which are likely to be overlooked, since they are near the sub- 
stratum. Lendner (1908, p. 55) points out this difficulty. Prac- 
tically it amounts to the necessity of deciding whether or not 
branching, if found, is abnormal. The writer believes this to be 
too difficult, as his work on the group has proved. Thus this 
means of separation has been avoided in the key and descriptions 
which this work contains. 

Lendner (/.c.) describes the Racemo- Mucor group as follows: ‘‘The 
filament is early terminated by a sporangium, then branches arise 
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along the principal sporangiophore and never surpass it. This 
group comprises the species usually little branched.’’ The 
Cymo-Mucor group is defined by him thus: “ There is formed below 
the terminal sporangium a second branch surpassing the first, 
then on this second there arises a third which surpasses the 
second. The insertion of the ramifications is usually alternating; 
as a result there is produced a very characteristic zig-zag ap- 
pearance.’’ Hagem gives no explanation of his use of these terms, 
but it appears from his figures and descriptions that in some cases 
he departs from the usage of past writers. For example, he 
classifies Mucor sphaerosporus and M. griseo-cyanus as racemosely 
branched, although his figures show that Lendner follows past 
usage in referring them to the cymose group of Mucor. Thus we 
have confusion arising from opposing conceptions of terms. It 
will be necessary to consider the terms applied to branching. 

According to Sachs (1874), De Bary (1887), Schneider (1905), 
and Strasburger (1912) the two kinds of branching are monopodial 
and dichotomous; Jost (1907), on the contrary, uses the terms 
lateral branching and dichotomy. As we are not concerned with 
the latter we shall consider only the monopodium. 

In the monopodium there is present a central axis with a grow- 
ing point at its apex containing the apical cell. Branching in the 
monopodium, unlike the process in the dichotomy where a division 
of the apical cell results in a forking of the main axis, takes place 
by the development of axillary buds situated near or at some dis- 
tance from the growing point of the stem. These lateral branches 
develop by the growth of apical cells. When the lateral branches 
remain shorter than the persistent main axis a racemose type of 
branching is evident. When, on the contrary, one or more lateral 
branches exceed the main axis, sometimes even assuming a 
central position, a cymose system of branching results. See Sachs 
(1874, p. 183). This applies in general to the higher plants. 

According to Brefeld (1872), the germination of a spore of 
Mucor Mucedo, which may be regarded as typical for the genus, 
takes place in the following manner: the spore swells and there are 
produced one or several germ tubes which grow very rapidly and 
soon begin to branch in all directions, so that an irregularly 
much-branched thallus is produced. It should be noted that there 
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is no differentiation of the plant body into a specialized apical 
cell, such as is found in the higher plants. There may be, how- 
ever, a correlation between the relatively simple plant body and 
the lack of a fixed branching system. 

The vegetative condition may continue for a brief period or 
indefinitely, depending upon experimental conditions. Under 
usual laboratory conditions the vegetative period is short (twenty- 
four to thirty-six hours), and sporangiophores are produced as 
perpendicular branches arising from the thallus. In some species 
the growth of the sporangiophore stops with the formation of the 
apical sporangium; in other species, after the formation of a 
terminal sporangium, growth starts again, with the production of 
a lateral branch from some part of the sporangiophore, and con- 
tinues until a sporangium is formed at the tip of this branch. On 
one hypha or branch the same process may be again repeated. 
(De Bary, 1887, p. 46.) 

This account of the development of the sporangiophore ap- 
parently does not harmonize with De Bary’s (1887) statement 
that ‘both growth and branching follow the laws which prevail 
generally in the vegetable kingdom.”’ For it may be said that a 
comparison of the development of branching systems in the higher 
plants with those in the genus Mucor shows little similarity 
between them. Although, perhaps, the stems and inflorescences 
of the higher plants may be analogous to the sporangiophores 
and sporangia of Mucer, it can scarcely be maintained that there 
exists a homology between them. It appears then advisable not 
to apply the terms used to describe the branching of the higher 
plants to the sporangiophores of Mucor. Even if the writer’s 
views on this matter can not be accepted, the impracticability of 
using the terms is sufficient reason for discarding them. 

The characters which experience has proven reliable for specific 
determination are as follows: turf, columella, spores, sporangium, 
sporangium wall, and chlamydospores. These are given in the 
relative order of their importance. The height, color, and nature 
of the turf must be considered. Inasmuch as the term turf in- 
cludes only the aerial part of the plant, the height of the turf is 
the length of the sporangiophores, and is expressed either in milli- 


meters or in centimeters. Contrary to current opinion, there is 
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rather a wide range of color in the genus Mucor, varying from 
palest gray (almost white), through yellow and red to dark gray, 
brown, or black. Ridgway (1912) has been used asa color stand- 
ard throughout the work. The nature of the turf is either loose, 
in which case it usually collapses with age, or compact, when it 
remains erect even on the drying out of the culture. 

The relation of the sporangium wall to the columella, as well 
as the shape and size of the latter, is important. The word 
“free’’ has been used to designate the condition in which the 
sporangium wall is separate from the columella and is attached to 
the sporangiophore at the base of the columella; whereas the term 
‘“‘adnate’’ has been used in cases where the sporangium wall is 
adherent to the columella at its broadened base. (Cf. “nicht 
aufsitzend”’ or ‘‘libre’’ and “‘aufsitzend’’ or “‘susjacente.’’) In 
some species, especially those having globose or oval columellae, 
the shape is constant; in others a wide variation in shape and size 
of columellaeis found. When the latter is true, the small columellae 
are mostly uniformly globose or oval; the large columellae, on the 
contrary, exhibit a strong tendency to a different shape. Thus 
in the descriptions when the shape of the columella is given as 
“oval to pyriform”’ it is to be understood that the larger colu- 
mellae are mostly pyriform. Ina few species, for example Mucor 
varians, the columellae are extremely variable and run the gamut 
of all the shapes. 

In a consideration of the spores the shape and size must be 
noticed, and we find the spores either uniform or variable. If 
uniform, the shape may be globose, oval, elliptical, etc.; if variable, 
some combination of the above-mentioned shapes together with 
irregular spores, subreniform, subfusiform, etc. 

Within certain limits the size of the sporangium is dependable, 
i. e., the sporangia may be large (200-500 uw in diameter) or small 
(not exceeding 100 uw in diameter and usually 60-80 u). The wall 
of the sporangium is also important, being either deliquescent, 
rupturing, or persistent. 

A certain group of species of Mucor can be separated from the 
rest by the fact that chlamydospores are present in the sporangio- 
phores. Mucor racemosus and M. sphaerosporus would be in- 


cluded in such a separation of species. 
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As has already been stated, sixty-six collections of the genus 
Mucor were made. These were studied carefully from uniform 
bread cultures made in the previously described manner, and from 
the data obtained they were tabulated according to their specific 
individuality. In this preliminary arrangement twenty-six dif- 
ferent groups were obtained, which, by careful comparison, were 
reduced to twenty-four groups. Nine of these aggregates were, 
after a careful study, referred to four species, three of which were 
undescribed. Thus the sixty-six collections of Mucor were dis- 
tributed through eighteen species. 

In TABLE I two species, Glomerula repens and Zygorhynchus 
Vuillemini, have been excluded from Mucor, although Lendner 
includes both Zygorhynchus and Glomerula in that genus. He ex- 
amined specimens of the former only. A study of Glomerula 
repens, from two separate collections, has convinced the writer 
that this species can not be placed under the genus Mucor be- 
cause the hyphae may serve as stolons. For example, if the 
tip of a hypha touches the wall of the culture container, a 
cluster of rhizoid-like hyphae is formed, and often from this 
cluster sporangiophores are developed. Moreover, the general 
habit of growth is unlike that of the species of Mucor. An in- 
crease in lack of sporangia production often results in a cottony, 
dense, sterile mass of buff mycelium. Zygorhynchus, on account 
of its unequal suspensors, not to mention its very slight production 
of sporangia and abundant zygospore formation, should, in the 
writer’s opinion, be kept as a separate genus. 


3. EXPERIMENTAL 


The experiments, in so far as their original purpose is concerned 
proved almost entirely negative. It was thought that striking 
cultural results might be obtained from the experiments which 
might form the basis for a physiological separation of species. 
Little of this kind was observed. On the contrary, the experi- 
ments showed that the genus Mucor is composed of a physio- 
logically close group of species, exhibiting only minute cultural 
variations. Sometimes these diffgrences were correlated with 
species, but sometimes they fe sporadically. A concrete 
example of this latter phenomenon was the production of a yellow 
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color in or on the substratum. This was obtained on bread, on 
rice, and in maltose-peptone-tyrosin solution. It probably rep- 
resents the storing up of excess food material, as a microscopic 
examination showed the color to be due to yellow globules in the 
hyphae; moreover, this color production occurred only in cultures 
with abundant food supply. 

The results of the experiments with carbohydrates plus as- 
paragin, on the one hand, and mineral salts (including ammonium 
nitrate), on the other, which show that the mucors grow much 
better in the first case than in the second, may, it is believed, offer 
some indication as to the reason why complex media (rolled oats, 
bread, rice, cornmeal, etc.) are better than simpler media. 

Fermentation is, apparently, a more widespread process in 
this genus than has hitherto been supposed, knowledge of the 
forms which can produce this phenomenon being limited to some 
twenty species. Wehmer (1907) has given a clear and concise 
summary of the work published on the subject. The writer's 
results, positive except in one case, have added twelve species to 
the list. 

Hagem (1910) found that tyrosin was oxidized by several 
species of Mucor and Rhizopus, with the production of a red or 
reddish brown solution. He thinks that this change is brought 
about by the enzyme tyrosinase. In the cases of Mucor strictus, 
M. silvaticus, M. plumbeus the color was pale red, in M. racemosus 
and M. christianiensis, dingy brownish red, but in Rhizopus 
nigricans and R. nodosus the solution was dark red. The writer’s 
experiments showed that the solution was colored dark reddish 
brown, with the formation of a dark brown precipitate, by Mucor 
griseosporus and M. coprophilus. In the case of Mucor proliferus, 
M. spinescens, and M. plumbeus the solution was pale brown and 
a brownish black precipitate was observed. With Glomerula 
repens a brownish tinge to the solution was obtained, while the 
aerial growth was distinctive in that it was pinkish buff (Ridgway). 

The objection might be raised that bread is a variable substance 
and therefore is unsuitable for a standard culture medium. A 


comparison of cultural results obtained, during the past three 
years, with bread obtained from different sources has proven this 
objection negligible. The bread used is the ordinary baker's 


- 
| 
| 
i 


310 PovAH: A CRITICAL STUDY OF 


white bread, such as is readily obtainable at any grocery store. It 
is thought that the use of bread is simpler than employing such 
complex media as Lendner’s ‘‘ mout gelatinisé.”’ 


SUMMARY 


1. From over one hundred collections, thirty-seven species 
representing fourteen genera of the Mucorales have been obtained. 

2. After having tried various substances, bread was adopted 
as a standard culture medium for taxonomic purposes. 

3. The carbohydrates with regard to their availability as a 
source of food supply for the mucors, as exhibited by their growth, 
may be arranged as follows, the best being given first: levulose, 
dextrin, glucose, lactose, maltose, inulin, and saccharose. 

4. Organic nitrogen compounds are better than ammonium 
nitrate. 

5. Seventeen species of Mucor were found capable of fermenting 
dextrose-peptone solution. 

6. Mucor griseosporus and Mucor coprophilus can oxidize 
tyrosin in a maltose-tyrosin-peptone solution, with the production 
of a red coloration of the solution and the formation of a dark 
brownish black precipitate. 

7. The terms racemose and cymose should not be employed 
to describe branching in this group, because of the confusion which 
has arisen through their use, not to mention the lack of homology 
between a sporangiophore and a branch of one of the higher plants. 

8. Sixty-six collections of the genus Mucor have been studied 
in great detail under uniform conditions in standard bread cul- 
tures, and they have been referred to nineteen species, six of which 
are new: Mucor griseo-lilacinus, M. varians, M. coprophilus, 
M. aromaticus, M. griseosporus, and M. abundans. 
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Explanation of plates 17-20 
PLATE 17 


Mucor abundans Povah. 1. Sporangiophores showing various kinds of branching, 
about natural size. 2. Upper portion of sporangiophore showing branch detail, 
X350. 3. Lower portion of sporangiophore, X170. 4. Columellae, X350. 5. 
Spores, X350. 6. Chlamydospores from within substratum, X75. 

Mucor aromaticus Povah. 7. Columellae, X170. 8. Swollen branched apex of 
sporangiophore, X75. 9. Almost mature sporangium, X170. 10. Spores, X170. 
11. Sporangiophores about three fourths natural! size. 


PLATE 18 


Mucor griseosporus Povah. 1. Sporangiophores about one half natural size. 
2. Portion of sporangiophore showing detail of branching, X170. 3. Lateral 
sporangium, X75. 4. Columellae, X170. 5. Spores, X350. 

Mucor griseo-lilacinus Povah. 6. Sporangiophores, X 3. 7. Portion of spor- 
angiophore showing insertion of branch, X170. 8. Apex of sporangiophore, 
X170. 9. Columellae. X170. 10. Spores, X350. 


PLATE 19 


Mucor coprophilus Povah. 1. Sporangiophore, about one half natural size. 
2. Columellae, X170. 3. Lateral deciduous sporangium, X350. 4. Spores from 
small lateral sporangia, X350. 5. Spores from large terminal sporangia, X 350. 

Mucor proliferus Schostak. 6, 7. Formation of gametes, X75. 8. Union of 
gametes, X75. 9. Immature zygospore, X75. 10. Mature zygospore, X170. 


PLATE 20 


Mucor varians Povah. 1. Sporangiophores, X2. 2. Columellae, X350. 3. 
Spores, X350. 4. Apex of sporangiophore, X75. 5. Proliferation of sporangio- 
phore, X75. 6. Proliferation of columella, X75. 

Mucor hiemalis Wehmer. 7. Sporangiophores, X 2. 8. Portion of sporangio- 
phore with branch insertion, X350. 9. Columellae, X350. 10. Spores, K350. 
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Coulter, J. M. Botany as a national asset. Science II. 45: 225-231. 
g Mr 1917. 

Cromwell, R. O. Fusarium-blight or wilt disease of the soybean. 
Jour. Agr. Research 8: 421-440. pl. g5 +f... 12 Mr 1917. 

Davidson, A. Additions to the flora of Los Angeles County. Bull 
S. Calif. Acad. Sci. 16: 14. Ja 1917. 

Davidson, A. Collinsia monticola Davidson, sp. nov. Bull. S. Calif. 
Acad. Sci. 16: 13, 14. [Illust.] 

Doubt, S. L. The response of plants to illuminating gas. Bot. Gaz. 
63: 209-224. f. 1-6. 15 Mr 1917. 

East, E. M. The bearing of some general biological facts on bud- 
variation. Am. Nat. 51: 129-143. Mr 1917. 

Evans, A.W. Notes on North American Hepaticae—VII. Bryologist 
20: 17-28. pl. 2. Mr 1917. 


Includes Cololejeunea subcristata sp. nov. 


Faulwetter, R. C. Dissemination of the angular leafspot of cotton. 
Jour. Agr. Research 8: 457-475. f. 7, 2. 19 Mr 1917. 
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Fawcett, W., & Rendle, A.B. Notes on Jamaica plants. Jour. Bot. 55: 
35-38. F 1917. 

Includes Cassia Broughtonii and Erythroxylum jamaicense, spp. nov. 

Fernald, M. L. The genius Erechtites in temperate North America. 
Rhodora 19: 24-27. 14 F 1917. 

Includes Erechtites megalocar pa sp. nov. 

Fernald, M. L. Jelianthemum dumosum on the mainland of New 
England. Rhodora 19: 58-60. 5 Mr 1917. 

Fernald, M. L. A new Lusula from eastern Canada. Rhodora 19: 
38, 39. 14 F 1917. 

Luzula campestris (L.) DC. var. acadiensis. 

Fernald, M. L. The specific characters of J/epatica americana. Rho- 
dora 19: 45, 46. 5 Mr 1917. 

Forsaith, C. C. A report on some allocthonous peat deposits of 
Florida. Bot. Gaz. 63: 190-208. pl. 10, rz. 15 Mr 1917. 

Gail, F. W. Some poisonous plants of Idaho. Idaho Agr. Exp. Sta. 
Bull. 86: 1-16. F 1916.  [Illust.] 

Galarza, J. B. Contribucién al estudio quebracho colorado. Trab. 
Inst. Bot. y Farm. Fac. Cien. Med. Buenos Aires. 32: 1-69. f. I-33. 
1915. 

Gardner, N. L. A freezing device for the rotary microtome. Bot. 
Gaz. 63: 236-239. f. 7. 15 Mr 1917. 

Gates, F.C. The relation between evaporation and plant succession 
in a given area. Am. Jour. Bot. 4: 161-178. f. 1-9. Mr 1917. 
Gates, R. R. A systematic study of the North American genus 
Trillium, its variability, and its relation to Paris and Medeola. 

Ann. Missouri Bot. Gard. 4: 43-92. pl. 6-8. F 1917. 
Includes Trillium venosum sp. nov. 

[Gladden, E. A.] Native trees found on the state forest reserve. 
Ann. Rep. Indiana State Board Forestry 16: 102-179. pl. 25-79. 
1916. 

[Gladden, E. A.] Native trees of Indiana planted in the park at the 
reserve. Ann. Rep. Indiana State Board Forestry 16: 180-208. 
pl. So-104. 1916. 

Gorman, M. W. List of plants in the vicinity of Portland, Oregon. 
Muhlenbergia 2: 351-384. 1 Ap 1916; 385-416. 15 F 1917. 
Groves, J. F. Temperature and life duration of seeds. Bot. Gaz. 63: 

169-189. f. 1-5. 15 Mr 1917. 


Haas, A. R. The reaction of plant protoplasm. Bot. Gaz. 63: 232- 


235. 415 Mr 1917. 
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Hall, H. M. The relation of farm weeds to hay fever. Monthly Bull. 
State Com. Hort. Calif. 6: 44-51. f. 8-17. F 1917. 

Hall, H. M. Two new Compositae from Nevada. Muhlenbergia 2: 
341-344. 20 Ja 1916. 

Tanacetum compactum and Chrysothamnus gramineus. 

Harper, R. M. Forest resources of Georgia. Reprinted from ‘“ Facts 
about Georgia.” pp. 47-54. 1917. [Illust.] 

Heald, F. D. Brown rot of stone fruits. Washington Agriculturalist 
8: [1-6.] Je 1915. 

Heald, F. D. Some new facts concerning wheat smut. Proc. Wash- 
ington State Grain Growers Assn. 10: 38-45. f. 7, 2. 6 Ja 1916. 
Hill, G. A. Spirogyra dubia longiarticulata WKiitz. in Washington. 

Puget Sound Marine Sta. Publ. 1: 234. pl. 42. 1916. 

Hodgson, R. W. The pomegranate. Calif. Agr. Exp. Sta. Bull. 276: 
163-192. f. 1-15. Ja 1917. 

Hoffmann, R. A glandular form of J/ieracium paniculatum L. Rho- 
dora 19: 37. 14 F 1917. 

Hoffman, R. Glandularity on Veronica Anagallis-aquatica L. Rho- 
dora 19: 60. 5 Mr 1917. 

Hosseus, C.C. La vegetatién del Lago Nahuel Huapi vy sus montafias. 
Trab. Inst. Bot. y Farm. Fac. Cien. Med. Buenos Aires. 33: I-102. 
1915. 

Hubbard, F.T. A variety of Spartina new to New England. Rhodora 
19: 27. 14 F 1917. 

Spartina alterniflora var. glabra (Muhl.) Fernaid. 

Karrer, J. Micrometabolism of Nereocystis. Puget Sound Marine 
Sta. Publ. 1: 227-233. pl. 41. 1916. 

Krauss, F. G. Report on rice and cotton investigations in China and 
Japan. Hawaiian Forest. & Agric. Month. Mag. 7: 143-152. 
Mr 1910; 186-193. Je 1910; 210-220. Jl 1910; 231-238. Au 
1910; 271-275. [Illust.] 

Lamb, A. R. The relative influence of microorganisms and plant 
enzyms on the fermentation of corn silage. Jour. Agr. Research 8: 
361-380. f. 1-13. 6 Mr 1917. 

La Rue, C. D., & Bartlett, H. H. Matroclinic inheritance in mutation 
crosses of Oenothera Reynoldsii. Am. Jour. Bot. 4: 119-144. f. I-4. 
Mr 1917. 

Léveillé, H. Les Carex du Chili. Bull. Géog. Bot. 23: 293-315. 1914. 
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Léveillé, H. Un nouveau Rubus chilien. Bull. Géog. Bot. 23: 316. 
1914. 
Rubus Hosseusii sp. nov. 

Lowenstein, A. E. Orchids found in the region of Asquam Lake. 
Rhodora ig: 56, 57. 5 Mr 1917. 


Lunell, J. Enumerantur plantae Dakotae septentrionalis vasculares— 
IX. Am. Mid. Nat. 4: 503-517. N 1916;—X. Am. Mid. Nat. 
5: 1-13. Ja 1917;—XI. Am. Mid. Nat. 5: 31-46. Mr 1915. 
Includes descriptions of A galinis Greenei, Kuhnia Jacobaea, Laciniaria fallacior 

and Aster chelonicus, spp. nov. 

MacCaughey, V. The “air plant,’ Bryophyllum. Hawaiian Forest. 
& Agr. Month. Mag. g: 10-16. f. 1-5. Ja 1912 

MacCaughey, V. Notes on some Honolulu palms—I. Hawaiian 
Forest. & Agr. Month. Mag. 9: 17, 18. Ja 1912; 66-74. f. 1-5. 
F 1912; 79-82. f. 7, 2. Mr 1912. 

MacCaughey, V. A biologic survey of Oahu. Hawaiian Forest. & 
Agr. Month. Mag. 12: 23-33. Ja 1915. 


MacCaughey, V. Some common woody plants of the Oahu lowlands. 
Hawaiian Forest. & Agr. Month. Mag. 12: 290-292. N 1915. 


MacCaughey, V., & Emerson, J. S. The Kalo in Hawaii. Hawaiian 
Forest. & Agr. Month. Mag. 10: 186-193. Jl 1913; 225-231. 
Au 1913; 280-288. S 1913; 315-323. O 1913: 349-358. N 1913; 
II: 17-23. 44-51. F 1914; 111-122. Ap 1914; 201- 
216. Jl 1914. 

McClintock, J. A. Peanut-wilt caused by Sclerotium Rolfsii. Jour. 
Agr. Research 8: 441-448. pil. 96,07. 19 Mr 1917. 

Merrill, E. D. Reliquiae robinsonianae. Philip. Jour. Sci. 11: (Bot.) 
243-272. S 1916; 273-319. N 1916. 


Includes descriptions of twenty-seven new species. 
Moxley, G.L. Plantae Grinnellianae. Lorquiniar: 57,58. Mr1917. 


Nelson, J. C. A list of Oregon plants not mentioned in the local 
manuals. Muhlenbergia 2: 345-350. 20 Ja 1916. 


Niewuland, J. A. Critical notes on new and old genera of plants—IX. 
Am. Mid. Nat. §: 30. Ja 1917; —X. Am. Mid. Nat. §: 50-52. 
Mr 1917. 

Pease, V. A. Duration of leaves in evergreens. Am. Jour. Bot. 4° 
145-148. f. 1-13. Mr 1917. 
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Shufeldt, R. W. Sycamore or buttonwood tree flower. Am. Forest. 
23: 146. [Illust.] 

Smith, E. F. Banana diseases in Cuba. Hawaiian Forest. & Agr. 
Month. Mag. 8: 33-35. Ja I9gITI. 
Copied from the West Indian Committee Circ. July 5, 1910. 

Stakman, E. C., & Tolaas, A. G. Potato diseases. Minnesota Farm- 
ers’ Lib. 3: 1-15. f. 1-7. N 1912. 

Stevens, N.E. The influence of temperature on the growth of Endothia 
parasitica. Am. Jour. Bot. 4: 112-118. f. 7. 17 F 1917. 


Stober, J. P. A comparative study of winter and summer leaves of 
various herbs. Bot. Gaz. 63: 89-109. 15 F 1917. 


Stone, G. E. Shade trees, characteristics. adaptation, diseases, and 
care. Massachusetts Agr. Exp. Sta. Bull. 170: 124-264. f. 1-100. 
S 1916. 

Sumner, F. B. The rdle of isolation in the formation of a narrowly 
localized race of deer-mice (Peromyces). Am. Nat. 51: 173-185. 
Mr 1917. 

Tharp, B.C. Texas parasitic fungi. Mycologia 9: 105-124. 22 Mr 
1917. 

Includes new species in Ascochyta (1), Cercospora (26), Colletotrichum (1), Conio- 
thyrium (2), Exosporium (3), Napicladium (1), Phleospora (1), Phyllachora (1), 
Phyllosticta( 3), Ramularia (2), and Septoria (7). 

Vilar6, J. Funciones de relacion en ios vegetales. Rev. Fac. Let. y. 
Cien. Habana 1: 261-270. N 1905. _ [Illust.] 

Vries, H. de. Ocnothera Lamarckiana mut. velutina. Bot. Gaz. 63: 
1-24. pl. 1. 15 Ja 1917. 

Waller, A. E. A method for determining the percentage of self-pol- 
lination in maize. Jour. Am. Soc. Agron. 9: 35-37. Ja 1917. 
Watkins, S.L. The California fuchsia. Am. Bot. 23: 12,13. F 1917. 

Zauschneria californica. 

Wernham, H. F. Tropical American Rubiaceae—VII. Jour. Bot. 54: 
322-334. f. 1-4. N 1916. 

Wherry, E.T. Two new fossil plants from the Triassic of Pennsylvania. 
Proc. U. S. Nat. Mus. §1: 327-329. pl. 29-30. 24 N 1916. 

Palissya longifolia and Brunswickia dubia, spp. nov. 

White, J. Salvia sylvestris L. in county Peel, Ontario. Rhodora 19: 
39, 40. 14 F 1917. 

Wicks, M. Deserts due to deforestation. Am. Forestry 22: 598-606. 
O 1916. [Illust.] 
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